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http://dx.doi.org/10.1016/j.pedneo.2Background: Improved technology and care in recent years have significantly improved the
prognosis and quality of life for patients on long-term mechanical ventilation. This study exam-
ined the status of children on long-term mechanical ventilation (MV) support in Taiwan.
Methods: The medical records of patients between January 1998 and December 2006 were
retrospectively reviewed, and the clinical factors were systematically reviewed.
Results: One hundred and thirty-nine (139) patients aged 3 months to 18 years, with 53 (38.1%)
girls and 86 (61.9%) boys, were enrolled. The common underlying disorders included neuro-
logic/neuromuscular diseases (nZ 100, 71.9%) and airway/lung dysfunction (nZ 19, 13.7%).
After instituting MV, the children returned to the medical center mainly for infection
(nZ 157, 47.7%) and elective surgery or procedures (nZ 46, 13.9%). After long-term follow-
up, 37 (26.6%) died, 81 (58.3%) were transferred to respiratory care wards in local hospitals,
and 21 (15.1%) received home care support.
Conclusions: There are now more children on long-term MV support in Taiwan and most are in
respiratory care wards in local hospitals. The shift in underlying diagnoses from pulmonary
disease to neurogenic respiratory insufficiency affects hospitalization. The main cause of
respiratory insufficiency is neurologic insult.
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Over the last 10 years, advances in medical knowledge and
technology have improved the survival rates of critically-ill
children. The growing population of children with chronic
respiratory failureddue to conditions such as neurologic
disorders, neuromuscular disease, or airway abnormalities
who require long-term mechanical ventilation (MV)doften
experience prolonged hospitalizations that separate them
from their families and place them in environments inap-
propriate for their health and development. However,
despite considerable advances in the field and concern
regarding funding and care in the community, little is
known about the status of children who require long-term
MV support in Taiwan. This study determined the status
(number, location, underlying disorder, and medical/tech-
nical management) of children on long-term MV support in
a single medical center. Such information is essential for
assessing needs and enabling further improvements in
medical and social support for these children and their
families.
2. Methods
Long-term mechanical ventilation (MV) support was defined
as any child who required mechanical aid for breathing, as
measured by a failure to wean three months after the
institution of MV.1 Patients aged between 3 months and 18
years with durations of MV longer than three months were
included. Data on premature infants who were likely to
wean successfully were excluded but data on children with
chronic lung disease due to prematurity, where weaning
proved to be impossible beyond three months after term,
were included. Patients were considered for tracheostomy
when they could not be extubated after one month of MV.
The study was conducted from January 1998 to
December 2006 in Chang Gung Children’s Hospital (CGCH),
a 532-bed university-affiliated teaching hospital in Taoyuan
County, northern Taiwan, which has a population of
1,894,000 people and 18,000e20,000 live births per year
during the study period. The hospital is part of Chang Gung
Memorial Hospital, and it is the only referral center that
provides primary to tertiary care for children in this county.
It has two pediatric intensive care units, PICU I and II, with
20 and nine beds respectively.
The medical records of patients who were admitted to
the pediatric intensive care unit and supported by MV for
more than three months were retrospectively reviewed.
The specific information on each child with long-term MV
support included age at onset of MV, underlying disorder
most responsible for ventilator dependence, frequency,
causes, and duration of readmission, present location of
the child (i.e., respiratory care ward in a local hospital,
home, or deceased), time in the present location (in
months), types of MV support (i.e., positive pressure
ventilation with tracheostomy or noninvasive mask), and
hours of daily assisted MV support.
The underlying disorders included neurologic/neuro-
muscular disease, airway/lung dysfunction, congenital
heart disease, and metabolic/genetic abnormalities. The
age at onset of MV or the onset of home care wascategorized as <12 months, 1e5, 6e10, and 11e18 years.
The causes for hospital readmission were categorized as
follow-up examination, elective surgery or procedure,
airway problem, infection, refractory seizure, gastrointes-
tinal bleeding, and others. Elective surgery or procedures
included permanent central venous catheter insertion,
tracheostomy, gastrostomy, and nasoduodenal tube inser-
tion, while airway problems included tracheostomy tube
dysfunction and tracheal granulation or stenosis. The
standard definitions of infection of the Centers for Disease
Control and Prevention/National Nosocomial Infections
Surveillance System (NNIS) were used.2,3 Other conditions
included postprandial vomiting, metabolic abnormalities,
skin rash, abnormal liver function, and change in
consciousness.
The duration of readmission was categorized as <30,
30e60, and > 60 days. Patient outcome, including
mortality, present location, and MV needs, was determined
from the last clinic visit or from records of the relevant
respiratory care hospital of at least 6 months after MV
support. The follow-up time in the present location ranged
from 18 to 111 months. The hours of daily MV use fell into
four broad categories: (1) 24 hours per day; (2) 12e24 hours
per day; (3) 8e12 hours per day (nocturnal ventilation
only); and (4) episodic use, or mainly during respiratory
tract infections. This study was approved by the hospital’s
Institutional Review Board.
2.1. Data analysis
Clinical factors on admission were analyzed as possible
predictors of long-term outcome, including mortality,
present location, and MV needs, as defined on the last clinic
visit or in records of the relevant respiratory care hospital
of at least six months after MV support. These factors were
age at onset of MV use, underlying disorder, and frequency
of readmission. The association between these variables
and long-term outcome was examined.
Statistical analysis was performed using the SPSS
(version 10.0) statistical software. All recorded variables
were screened for relationships among parameters using
the chi-square test for categorical data. A p value < 0.05
was considered statistically significant. All statistical tests
were two-tailed.
3. Results
From January 1998 to December 2006, 139 patients,
including 53 girls (38.1%) and 86 boys (61.9%), met the
inclusion criteria. Of them, 53 (38.1%) were younger than
12 months, 52 (37.4%) were 1e5 years old, 15 (10.8%) were
6e10 years old, and 19 (13.7%) were older than 10 years.
Their main underlying disorders were (in order of rank)
neurologic/neuromuscular disease (nZ 100, 71.9%),
airway/lung dysfunction (nZ 19, 13.7%), metabolic/
genetic abnormalities (nZ 16, 11.5%), and congenital heart
disease (postoperative diaphragmatic paresis) (nZ 4, 2.9%)
(Table 1). Nineteen of the 29 children with central nervous
system (CNS) infection had neurologic sequelae of an
enterovirus 71 (EV71) infection. In our study, 31% of chil-
dren with neuromuscular disease eventually required MV
Table 1 Main underlying disorder of children requiring
long-term mechanical ventilation (nZ 139).
Disorders No. of children
Neurologic/Neuro-muscular disease 100 (71.9%)
Decreased Central Nervous System
(CNS) Input
86 (61.8%)
Hypoxic-ischemic encephalopathy/
Cerebral palsy
36
Intracranial hemorrhage and Trauma 14
Spinal injury 3
Congenital CNS malformation 4
Central nervous system infection 29
Peripheral Nerve/Neuromuscular
disease
14 (10.1%)
Airway/Lung Dysfunction 19 (13.7%)
Upper Airway Obstruction
Tracheomalacia, tracheal stenosis,
subglottic stenosis
6
Cranio-facial syndrome 3
Pulmonary disease
(e.g., chronic lung disease, lung
hypoplasia)
10
Metabolic/Genetic Abnormalities 16 (11.5%)
Inborn error of metabolism or neuro-
degenerative disorder
8
Chromosome abnormality 8
Congenital Heart Disease
Postoperative diaphragmatic paresis
4 (2.9%)
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dren with non-neuromuscular disease required MV support
above 5 years of age. The correlations between age and
etiology were significant (pZ 0.002). The result showed
that most children with non neuromuscular disease
required MV support under 5 years of age, but that children
with neuromuscular disease required MV support above 5
years of age.
After long-term follow-up of the 139 children, 37 (26.6%)
died, 81 (58.3%) were transferred to respiratory care wards
in local hospitals, and 21 (15.1%) received home care
support. Of the mortalities, 35 died in a hospital due to
severe sepsis and two after discharge against advice. TheTable 2 Mechanical ventilation used at home and in the ho
(nZ 102).
Positive pressure ventilation
Tracheostomy
Noninvasive mask
Hours of daily assisted ventilation
24 h
12e24 h (night and day time)
8e12 h (nocturnal ventilation only)
Episodic (not every day)
* includes two children who received ventilator support via noninva
y includes a child who received ventilator support via noninvasive mtime in the present location ranged from 18 to 111 months
(mean SD 56.3 21.6 months).
In terms of types of MV support used at home and in the
hospital to treat 102 children requiring long-term support,
99 children (97.1%) received positive-pressure support via
a tracheostomy and three (2.9%) received MV via a nonin-
vasive mask (Table 2). No child was managed with negative-
pressure MV. In the hospital group, 80 children received
ventilator support via tracheostomy and one via noninva-
sive mask. In the home care group, 19 received ventilator
support via tracheostomy and two via noninvasive mask.
In the hospital group, all children (100%) required MV
support 24 hours per day. In the home care group, six
required MV support 24 hours a day, one had MV support for
12e24 hours, three (including two children via noninvasive
mask) were able to sustain adequate ventilation when
awake and depended on nocturnal MV only, and 11 required
only episodic MV support, mainly during respiratory tract
infections. There were significant correlations between
etiology and present location or mortality (pZ 0.022).
For 103 children requiring long-term MV support, there
were 330 readmissions to the hospital. The causes and
durations of hospital readmission are shown in Table 3. The
frequency of readmission in thepreceding year ranged from1
to 15 episodes (mean SD 3.20 2.54). After MV was insti-
tuted, children were readmitted mainly due to infections
(nZ 157, 47.7%). Elective surgery or procedures (nZ 46,
13.9%) were the second most common cause. Additional
causes of readmission were routine follow-up examination
(nZ 37, 11.2%), airway problems (nZ 23, 7.0%), refractory
seizures (nZ 22, 6.7%), gastrointestinal bleeding (nZ 13,
3.9%), and others (nZ 32, 9.7%). Respiratory tract infection
was the most common cause of infection. The duration of
hospitalization was <30 days in 275 children (83.6%), 30e60
days in 34 (10.3%), and > 60 days in 20 (6.1%). The causes of
readmission correlated with the duration of hospitalization.
Children who returned to the hospital due to infection had
longer durations of hospitalization compared to those
without infection (mean SD, 16.49 21.15 vs.
22.15 20.15 days, pZ 0.015).
4. Discussion
With improved technology and patient care, the number of
children receiving long-term MV support in Taiwan hasspital for children requiring long-term ventilatory support
Home (nZ 21) Hospital (nZ 81)
19 (90.5%) 80 (98.8%)
2 (9.5%) 1 (1.2%)
6 (28.5%) 81 (100%)y
1 (4.8%) 0
3 (14.3%)* 0
11 (52.4%) 0
sive mask.
ask.
Table 3 Causes and duration of hospital readmissions of children requiring long-term mechanical ventilation support
(nZ 103).
Admitting Diagnosis Admissions (nZ 330) Duration of hospitalization Total
<30 days 30 to 60 days >60 days
Infection* 157 (47.6%) 123 21 13 157
Bloodstream infection 36
Pneumonia/trachea-bronchitis 111
Urinary tract infection 12
Elective surgery and procedures 46 (13.9%) 43 3 0 46
Follow up examination 37 (11.2%) 36 1 0 37
Other conditionsy 32 (9.7%) 30 2 0 32
Airway problem 23 (7.0%) 20 2 1 23
Refractory seizure 22 (6.7%) 14 4 4 22
Gastro-intestinal bleeding 13 (3.9%) 10 1 2 13
Total 330 (100%) 276 34 20 330
10 episodes had combined two kinds of infections.
* 9 episodes had other infection, included cellulites (2), ventriculo-peritoneal shunt infection (2), port-A infection (2), acute gastro-
enteritis (2), pancreatitis (1).
y Other conditions include postprandial vomiting, metabolic abnormalities, skin rash, abnormal liver function, conscious change.
Long-term mechanical ventilation support in children 307increased. The main disorders in these children involve
a heterogeneous group of diseases and vary among coun-
tries. The majority of the causes were neuromuscular and
neurologic diseases.1,4e8 In recent British and Swiss
surveys, neuromuscular disorders account for nearly half of
the pediatric patient population.1,4 In comparable surveys
in Japan and Canada, neuromuscular disorders account for
27% of the pediatric patient population.5,6 In contrast to
results of prior studies, there are fewer neuromuscular
disorders in the current survey. Given that this is a single-
center study, the proportion of children with neuromus-
cular disorders may be lower in the patient population.
Thus, establishing a system for the continuous collection of
data on this particular patient population to assess the
outcome and quality of long-term mechanical ventilation
support is warranted.
The other main cause is neurologic disease, including
central hypoventilation syndrome, hypoxic-ischemic
encephalopathy, and spinal bifida/spinal cord injury.1,4e8
In a previous Taiwan survey, the main neurologic etiolo-
gies are hypoxic-ischemic encephalopathy (33.7%) and
neurologic sequelae of EV71 (24.1%).7 In the current study,
the main neurologic etiologies are hypoxic-ischemic
encephalopathy/cerebral palsy (25.8%), CNS infection
(20.9%), intracranial hemorrhage and brain trauma (10.1%),
spinal injury (2.2%,) and congenital CNS malformation
(2.9%). In Taiwan, outbreaks of EV71 infection occurred in
1998 and in the following years, with the chief neurologic
complication of rhombencephalitis, which had severe
neurologic sequelae including respiratory muscle paralysis.
In the subgroup of CNS infection, 19 of 29 children had EV71
infections with neurologic sequelae.
Prolong ventilator support is caused by both disease
factors (e.g. respiratory, cardiac, metabolic, and neuro-
muscular) and clinician management factors (e.g. failing to
recognize discontinuation potential and inappropriate
ventilator settings/management). A multispecialty
evidence-based task force has recommended a series of
guidelines that begins with a daily ventilator weaningscreen focusing on disease stability/recovery, gas
exchange, hemodynamics, and respiratory drive that should
be done on every patient receiving mechanical ventilatory
support.9,10 In the present cohort, the most common cause
of respiratory failure is neurologic/neuromuscular disease.
That children with neurologic/neuromuscular disease have
an increased risk of respiratory failure is not surprising
because these children often have problems with poor
consciousness, muscle tone and weakness, and handling of
secretions. Decisions for assisted ventilation in acute
neurologic disorders are usually straightforward.
The management of children on long-term MV support
poses complex and unique ethical, medical, economic, and
psychological problems. Before considering the ethical
issues regarding prolonging life in patients with degenera-
tive diseases, the quality of life with medical intervention
must be delineated. In spinal muscular atrophy, current
views appear polarized between those who offer nothing
and those who proceed as far as a tracheostomy and long-
term invasive MV.11 Symptomatic ventilatory failure can be
palliated effectively using noninvasive MV in patients with
end-stage motor-neuron disease, but this benefit has to be
weighed carefully against possible harmful effects like the
prolongation of life at the cost of increased disability.12 The
present series includes nine cases of spinal muscular
atrophy, all of whom require a tracheostomy and full-time
MV support. Regardless of the chosen treatment regimen, it
is necessary to discuss the option of long-term MV support
early with patients and their families when making a deci-
sion to avoid inappropriate avoidance or involuntary
installation of long-term MV support based on misconcep-
tion or inappropriate expectations.12
There is an increasing variety of methods for providing
invasive and noninvasive MV support at home or in respi-
ratory care wards in local hospitals. In a recent British
survey, 47.8% of the children are managed with positive-
pressure MV via a tracheostomy and 45.6% via noninvasive
MV support.1 In a Swiss survey, the corresponding
percentages are 31.2 and 59.3, respectively.5 In the present
308 S.-H. Hsia et alseries, positive-pressure MV via a tracheostomy (97.8%) is
the most common mode of support and only three children
(2.2%) have been managed with noninvasive MV. This may
be associated with age, diagnosis, and socio-economic
factors.
The proportion of individuals on long-term MV support
cared for at home or in a respiratory care ward in hospital
varies between countries, depending largely on the support
available, home circumstances, funding source, attitude
towards home care, and types of patients undergoing
ventilation.5,6,13 Ottonello et al. retrospectively reviewed
20 ventilator-dependent children in Italy and concluded
that home care support is beneficial for children needing
mechanical ventilation and although home care ventilation
is not yet widely diffused, it represents a valid alternative
to long hospitalization for children with stable chronic
respiratory failure.14
In a previous survey in Taiwan, 48 of 52 survivors (92.3%)
were cared for at respiratory care wards in local hospitals
and four (7.6%) received home care support.7 In the present
study, 81 of 102 survivors (79.4%) were cared for at respi-
ratory care wards in local hospitals and 21 (20.6%) received
home care support. Although home ventilation offers the
best option for the psychosocial development, social inte-
gration, and quality of life of these children, the main
problems with pediatric home ventilation in Taiwan are the
negative psychosocial impact on family life, limited home
care resources, and the financial burden. Nevertheless, the
number of children receiving home care support in Taiwan
has increased in recent years. Consequently, the creation
of a patient organization dedicated to supporting families
with ventilator- or technology-dependent children may
help address some of these problems.
The long-term prognosis of children receiving long-term
MV support depends heavily on the underlying disorder. In
the current study, the correlation between underlying
disorder and present location or mortality is significant
(pZ 0.022). Interestingly, five of 19 enterovirus (EV71)
encephalitis patients have been weaned successfully from
ventilatory assistance from 24 hours a day to nocturnal
(nZ 2) or episodic ventilation (nZ 3). The precise mech-
anism is unknown but this suggests that EV71 infection of
the immature brain can be repaired over time.
There are some limitations to this study. First, the data
were gathered retrospectively. Second, we only included
long-term MV support children, but we did not collect
information on the children with successful weaning from
MV. Therefore, we can not determine the risk factor for
difficulty to wean MV support in our study. A prospective
study may be needed in the further to avoid this kind of
limitation.In conclusion, there are now more children receiving
long-term MV support in Taiwan and most are cared for in
respiratory care wards in local hospitals. The shift in
underlying diagnoses from pulmonary disease to neurogenic
respiratory insufficiency has implications for hospitaliza-
tion. The main cause of respiratory insufficiency is neuro-
logic insults. There is also an increased need for
rehabilitation, education, and home-care support and it is
necessary to establish a system for the continuous collec-
tion of data on this patient population to assess the
outcome and quality of long-term MV support.
References
1. Jardine E, O’Toole M, Paton JY, Wallis C. Current status of long
term ventilation of children in the United Kingdom: question-
naire survey. BMJ 1999;318:295e9.
2. Richards MJ, Edwards JR, Culver DH, Gaynes RP. Nosocomial
infections in pediatric intensive care units in the United States.
National nosocomial infections surveillance system. Pediatrics
1999;103:e39.
3. Gaynes RP, Horan TC. Definitions of nosocomial infections. In:
Mayhall CG, editor. Hospital epidemiology and infection
control. Baltimore, MD: Williams and Wilkins; 1995.
4. Kamm M, Burger R, Rimensberger P, Knoblauch A, Hammer J.
Survey of children supported by long-term mechanical venti-
lation in Switzerland. Swiss Med Wkly 2001;131:261e6.
5. Sakakihara Y, Yamanaka T, Kajii M, Kamoshita S. Long-term
ventilator-assisted children in Japan: a national survey. Acta
Paediatr Jpn 1996;38:137e42.
6. Dhillon JS, Frewen TC, Singh NC, Speechley KN. Chronic
mechanical ventilation dependent children in Canada. Pae-
diatr Child Health 1996;1:111e6.
7. Yang LL. Long-term respiratory care of children. The Journal of
Long-Term Care 2002;6:38e46 [in Chinese].
8. Graham RJ, Fleegler EW, Robinson WM. Chronic ventilator need
in the community: a 2005 pediatric census of Massachusetts.
Pediatrics 2007;119:e1280e7.
9. MacIntyre N. Discontinuing mechanical ventilatory support.
Chest 2007;132:1049e56.
10. MacIntyre NR. Evidence-based ventilator weaning and discon-
tinuation. Respir Care 2004;49:830e6.
11. Bush A, Fraser J, Jardine E, Paton J, Simonds A, Wallis C.
Respiratory management of the infant with type 1 spinal
muscular atrophy. Arch Dis Child 2005;90:709e11.
12. Simonds AK. Ethical aspects of home long-term ventilation in
children with neuromuscular disease. Paediatr Respir Rev
2005;6:209e14.
13. Adams AB, Whitman J, Marcy T. Surveys of long-term ventila-
tory support in Minnesota: 1986 and 1992. Chest 1993;103:
1463e9.
14. Ottonello G, Ferrari I, Pirroddi IM, et al. Home mechanical
ventilation in children: retrospective survey of a pediatric
population. Pediatr Int 2007;49:801e5.
